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The formation of skeletal muscle tissue is directly 
modulated by intricate expressing the distinct signalling 
molecules orchestrated by the myogenic regulatory factors, 
such as the myogenic determination factor MyoD, that 
activates the transcription of muscle-specific genes by 
binding to consensus DNA sites found in the regulatory 
sequences of these genes, differentiate and fuse the myoblasts 
in order to form the muscle fibres (Buckingham, 2006). Its 
expression is detected at an earlier stage of myogenesis 
when quiescent stem cells rapidly expand in number to 
generate the myoblasts needed to repair tissue damage 
(Glass, 2010) and several studies have demonstrated that 
MyoD is sufficient and necessary for the formation or 
survival of skeletal myoblasts (Emerson, 1993; Buckingham, 
2006). In this context, it was already well characterised that 
myostatin is a secreted growth and differentiation factor 
belonging to the transforming growth factor (TGF)-beta 
superfamily that exert an important modulator role of 
body composition in experimental animals by controlling 
the proliferation of myoblasts, followed by inhibiting the 
differentiation of these cells (Rodgers and Garikipati, 
2008; Glass, 2010).

Few reports in the literature have investigated how 
the abundance of myogenic regulatory genes is altered in 
chicken embryos exposed to distinct adverse incubation 
temperatures and timing exposures (Gabriel et al., 2003, 
2006). Based on this evidence, the purpose of the present 
study was to quantify the levels of MyoD and myostatin 
transcripts in chicken embryos exposed to low and high 
incubation temperatures for distinct timing exposure using 
real time PCR assays.

Fertilised chicken eggs (Gallus gallus domesticus, 
Linnaeus, 1758) from the Cobb line were maintained 
in a humidified atmosphere in an incubator (Premium 
Ecológica, model IP120). After a four-day incubation 
period at 37 ± 0.5 °C (control incubation condition) and 
60% relative humidity, some eggs were transferred to 
other incubators registering low (33 ± 0.5 °C) and high 
(44 ± 0.5 °C) incubation temperatures. These eggs remained 
for one and two hours under these conditions, and at the end 
of each hour, six embryos per treatment were then collected 
for further experiments. The collection of embryos on the 
fourth day of incubation was based on the evidence that 
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accentuated expression of specific myogenesis genes, such 
as MyoD and myostatin, in comparison to basal levels 
detected in preceding stages (Emerson, 1993). During the 
procedure described above, embryos from eggs submitted 
to control incubation conditions were also collected.

The extraction of total RNA and the reverse transcription 
reactions in order to obtain the single-strand cDNA synthesis 
from samples were performed according to Marchesin 
(2008). The primers used in this experimental approach 
were initially designed and tested by Gabriel et al. (2003). 
The quantification of levels of MyoD and myostatin 
transcripts was established by real time PCR assays using 
the Taq Platinum DNA polimerase (Invitrogen) and SYBR 
Green I/Nucleic Acid Gel Stain (Roche Applied Science) 
in the LightCycler PCR System (Roche Applied Science), 
as optimised by Marchesin (2008). In order to normalise 
the values generated, the same experimental approach 
was carried out using specific primers for amplification of 
β-actin transcripts. Each sample was tested in duplicate, 
and the mean of the two values was shown as the copy 
number of the sample.

In a real time PCR assay a positive reaction is detected 
by accumulation of a fluorescent signal. The Ct (cycle 
threshold) is defined as the number of cycles required for 
the fluorescent signal to cross the threshold (i.e. exceeds 
background level). Ct levels are inversely proportional to the 
amount of target nucleic acid in the sample (i.e. the lower 
the Ct level indicates the greater amount of target nucleic 
acid in the sample). These data were initially normalised 
in order to calculate the ∆Ct values (∆Ct = Ct gene of 
interest – Ct β-actin gene). Additionally, rations between 
∆Ct levels in stress treatment and under control conditions 
were established and such results were statistically analysed 
using the software SAS® (Statistical Analysis System).

Under these experimental conditions, no variations in 
MyoD transcript levels were detected in embryos maintained 
at cold or heat incubation temperatures for one hour (Figure 1) 
(p > 0.05). In contrast, the MyoD gene expression was 
significantly reduced by 50% in animals submitted to hot 
incubation temperatures for two hour exposure compared 
to control animals (Figure 1) (p < 0.05). No significant 
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myostatin in mouse pectoralis muscle tissue, as observed 
by Rachagani et al. (2010).

Thus, the recent findings described above suggest that 
the molecular events and signalling pathways responsible 
by activating and regulating the expression of MyoD 
and myostatin genes, seem to trigger a wide spectrum 
of cellular responses in vertebrates. In conclusion, the 
results presented in this study provide new evidence at 
a molecular level how adverse incubation temperatures 
affect the expression of essential regulators of skeletal 
muscle lineage determination in chicken embryogenesis. 
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differences in the abundance of myostatin transcripts were 
found in cold and heat stressed embryos, irrespective of 
timing exposure analysed (p > 0.05) (Figure 1).

Additionally, the internal embryonic temperature 
in each treatment was measured prior to collection of 
embryos by using an infrared thermometer (Horiba, 
model IT-330). Interestingly, expressive increases in 
internal temperatures were only detected in chicken 
embryos exposed to hot incubation temperature for two 
hours (p < 0.05), whereas no significant variations were 
detected in the other treatments (data not shown). Based 
on these results describing alterations in MyoD transcript 
levels and variations in internal embryonic temperature 
in avian embryo development, it can be speculated that 
the high incubation temperature could inhibit the distinct 
signalling pathways involved in mechanisms of activation 
of myogenesis by arresting of functional transcriptional 
factors. Alternatively, the transcripts of the MyoD factor 
could be rapidly denatured as a response to the effect of 
high incubation temperature on biological stability changes 
in steady-state cellular mRNA.

Recently, Hennebry et al. (2009) have demonstrated 
that the myostatin gene negatively regulates the MyoD 
expression, affecting the fibre-type composition in the 
murine muscle. Since the myostatin gene is implicated in 
controlling G1-to-S progression of myoblasts, MyoD could 
be triggering myoblast withdrawal from the cell cycle by 
regulating the myostatin gene expression (Hennebry et al., 
2010). Additionally, Engelbrecht et al. (2010) investigated 
the effects of physiological stress on gene expression 
associated with muscle atrophy using a rat model of 
restraint stress in adult male animals. Daily brief restraint 
stress resulted in a significant increase in myostatin levels, 
whereas the MyoD expression was significantly attenuated 
under their experimental conditions (Engelbrecht et al., 
2010). Therefore, the expression of myogenic factors, 
such as MyoD or myogenin, has not been affected by 

Figure 1. Abundance of MyoD and myostatin (Mstn) 
transcripts in chicken embryos maintained for one and two 
hours at distinct incubation temperatures. These values 
are presented as a ratio between levels of delta Ct under 
stress and control conditions, whose Ct levels are inversely 
proportional to the amount of target nucleic acid in the 
sample of interest.
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